Renal calcification is an uncommon problem in children, but recent reports have called attention to the development of nephrocalcinosis in premature infants. These calcium oxalate deposits may be identified on plain films of the abdomen but are more readily detected by ultrasound.
1,2 Estimates of the incidence of nephrocalcinosis in premature infants have varied considerably. Jacinto et al. 3 have reported a 65% incidence of nephrocalcinosis, whereas Short and Cooke 4 reported a 27% incidence in very low birth weight infants. Differences in image quality obtained using different ultrasound transducers or observer variability in image interpretation may have contributed to this variation in incidence. No data are available regarding these two potential sources of variability. It is also possible that improvements in neonatal care, leading to a decrease in the severity of chronic lung disease and less exposure to diuretic therapy, may have contributed to a change in the incidence of this lesion.
This study was designed to examine the hypothesis that renal ultrasounds performed using a 7.5-MHz transducer are associated with less inter-observer variability compared with a 5.0-MHz transducer in the identification of neonatal nephrocalcinosis.
METHODS

Patients
This prospective study took place between August 1, 1995 and July 31, 1996 at three neonatal intensive care units. All infants with a birth weight Ͻ1500 gm were considered eligible for the study. Infants were not included in the study for the following reasons: failure to obtain informed consent from parents, transfer of the infant to another facility before images could be obtained, or the appearance of hydronephrosis or other congenital renal abnormalities on the ultrasound images. In addition, some infants could not be included in the study because one of the ultrasound transducers was broken or unavailable when the images were obtained. Renal ultrasounds were performed at 7 to 8 weeks of age using both a 5.0-MHz sector transducer and a 7.5-MHz linear array transducer. The ultrasound equipment used in this study included a Toshiba SSH 140 A (Tokyo, Japan) and an ATL Original Article
400 Apogee (Bothell, WA). Three longitudinal and three transverse views of each kidney were obtained. Ultrasound images were obtained at the bedside by radiologists and ultrasound technicians, but their bedside impressions of these images were not included in this study. Patient confidentiality was maintained by covering the patient's name on the ultrasound hard copy image.
Image Interpretation
Hard copy images of each renal ultrasound were interpreted independently by three radiologists. Of the three radiologists involved in the study, two had training in ultrasonography; one radiologist had training in pediatric radiology as well as ultrasonography. These radiologists were not aware of the infant's clinical condition, and they were unaware of other radiologists' interpretation of these images. The only images shown to these radiologists were those described above; if other views were obtained because of a suspected abnormality, these other images were not included in the study. These criteria were established as part of the study to minimize bias in interpretation. Images were interpreted as normal or positive for nephrocalcinosis based on the presence of echogenic foci with acoustic shadowing. Positive readings were classified as "focal" or "diffuse" nephrocalcinosis. For the purposes of this study, diffuse nephrocalcinosis was defined as nephrocalcinosis involving Ͼ50% of both kidneys. Nephrocalcinosis involving Ͻ50% of one or both kidneys was classified as focal nephrocalcinosis.
Data Analysis
Interobserver variability in the diagnosis of nephrocalcinosis was measured using the coefficient. The coefficient measures agreement among observers above that caused by chance alone. In general, values between 0.00 and 0.20 indicate minimal agreement; at the other extreme, values between 0.80 and 1.00 indicate nearly perfect agreement. values were calculated for both the 5.0-MHz and 7.5-MHz transducers, and confidence intervals were used to determine whether one transducer gave results significantly less variable than the other.
To determine whether the variability observed in ultrasound interpretation could be attributed to "over-reading" or "under-reading" by an individual radiologist, the proportion of positive interpretations for each transducer by each radiologist was determined. These proportions were compared using the -squared analysis.
To determine whether either transducer was associated with more frequent identification of nephrocalcinosis, the proportion of ultrasounds read as positive for nephrocalcinosis by all three radiologists was determined for each transducer, and these proportions were then compared using Fisher's exact test.
RESULTS
A total of 54 patients were studied. The mean birth weight of these 54 infants was 976 Ϯ 28 gm (mean Ϯ SEM) and the mean gestational age was 27.1 Ϯ 0.3 weeks; ultrasounds were performed at 49.7 Ϯ 1.8 days of age.
The statistic (Ϯ confidence intervals) for renal ultrasounds obtained using a 5.0-MHz transducer was 0.143 (0.108, 0.178), whereas a 7.5-MHz transducer resulted in a value of 0.268 (0.243, 0.293). Thus, ultrasounds obtained using a 7.5-MHz transducer resulted in significantly less variability in interpretation compared with a 5.0-MHz transducer (Figure 1 ). The percentage of ultrasounds interpreted as positive by individual radiologists using a 5.0-MHz transducer was 28%, 6%, and 35% for radiologists 1, 2, and 3, respectively. The percentage of ultrasounds interpreted as positive using a 7.5-MHz transducer was 35%, 11%, and 39% for radiologists 1, 2, and 3, respectively (Figure 2 ). These proportions were significantly different for both transducers by -squared analysis. Because radiologists 1 and 3 were similar with regard to their percentage of positive readings, their image interpretations were compared using the statistic. This comparison gave a value of 0.433 with the 5.0-MHz transducer and a value of 0.400 with the 7.5-MHz transducer, reflecting only moderate agreement between these two observers. In other words, although the percentages of positive readings were similar, different images were interpreted as positive frequently enough to show only moderate agreement using the statistic.
The proportion of ultrasounds interpreted as positive by all three radiologists using the 5.0-MHz transducer was 3 of 54 ultrasounds (5.6%), whereas 6 of 54 ultrasounds (11.1%) were interpreted as positive by all three radiologists using a 7.5-MHz transducer. Although there was a trend toward more uniformly positive image interpretation with the 7.5-MHz transducer, this difference did not achieve significance (Fisher's exact test). The three ultrasounds read as abnormal with the 5.0-MHz transducer were also uniformly read as abnormal by all three radiologists with the 7.5-MHz transducer.
There were a total of 38 positive readings among all three radiologists using the 5.0-MHz transducer; only 2 of these 38 (5.3%) were interpreted as showing diffuse rather than focal nephrocalcinosis. Similarly, of the 46 positive image interpretations with the 7.5-MHz transducer, only 3 (6.5%) were interpreted as diffuse rather than focal nephrocalcinosis.
DISCUSSION
The statistic measures agreement between observers, adjusted for agreement due to chance alone. Renal ultrasounds are often performed in the neonatal intensive care unit to detect nephrocalcinosis, and patient management may be modified based on the interpretation of these images. In this study, we used the statistic to demonstrate observer variability in sonographic detection of nephrocalcinosis. This variability may be of clinical importance.
In this study, hard copy images of renal ultrasounds were examined by three radiologists, and variability in their interpretations was measured. A weakness of this study is the use of these hard copy images rather than real time images. There may have been less variability in interpretation if the three radiologists had gathered at each patient's bedside to interpret real time images. Conversely, when the hard copy images were viewed, the radiologists were unaware of the infant's clinical condition, and this may contribute to the validity of the conclusions. Another weakness of this study is failure to have the radiologists pinpoint the precise location of nephrocalcinosis when ultrasounds were interpreted as positive for focal nephrocalcinosis. The identification of nephrocalcinosis could be made with more confidence if the radiologists had not only agreed on the presence of nephrocalcinosis but also agreed on its precise location. This was not included as part of the study design because we did not anticipate that nearly all of the ultrasounds interpreted as abnormal would be considered to have focal rather than diffuse nephrocalcinosis.
Ultrasounds performed using a 7.5-MHz transducer were associated with a trend toward less variability compared with a 5.0-MHz transducer. The 7.5-MHz transducer provides better spatial resolution but less penetration, and this may explain the greater uniformity in the identification of nephrocalcinosis in premature infants with this transducer. 5 It has been suggested that furosemide therapy should be discontinued when nephrocalcinosis is identified on a renal ultrasound, or that thiazide be added to blunt the hypercalciuric effect of furosemide. 6 Based on the results of this study, caution should be used before diuretic therapy is changed based on a single ultrasound reading by an individual radiologist who may "over-read" subtle ultrasound findings.
In summary, a 7.5-MHz ultrasound transducer is more sensitive in identifying nephrocalcinosis in premature infants. There is significant variability among radiologists in recognizing these predominately focal deposits of calcium oxalate.
